Abstract-For multiple attribute group decision-making problems, in which the attribute values are triangular intuitionistic fuzzy numbers and the attribute weight information is the linguistic evaluation, a multiple attribute group decision-making method is proposed. In the method, first, to transform the 2-tuple linguistic attribute weights to the real numbers. Then, to aggregate the experts' preferences with triangular intuitionistic fuzzy number by the extended aggregation operators, the group overall evaluation values of the alternatives were obtained. The ranking could be present according to the weighted average area. Triangular intuitionistic fuzzy number and 2-tuple linguistic information are easier to deal with the fuzzy and the uncertain information of different decision makers. Finally, a numerical example was used to illustrate the proposed method. The result shows the approach is simple, effective, and easy to calculate. Index Terms-multiple attribute group decision-making, triangular intuitionistic fuzzy number, 2-tuple linguistic information, aggregation operators
I. INTRODUCTION
Zadeh [1] introduced the concept of fuzzy set whose basic component is only a membership function with the non-membership function being one minus the membership function. However, in real-life situations, when a person is asked to express his/her preference degree to an object, it is possible that he/she is not so sure about it, that is, there usually exists a hesitation or uncertainty about the degree, and there is no means to incorporate the hesitation or uncertainty in a fuzzy set. Later, Atanassov [2] gave a generalized form of fuzzy set, called Intuitionistic Fuzzy Set (IFS), which is characterized by a membership function and a nonmembership function.
The intuitionistic fuzzy set has received more and more attention since its appearance [3] [4] [5] [6] [7] [8] [9] . Mitchell [10] and Nayagam [11] introduced the concept of the intuitionistic fuzzy number (IFN) and studied the ranking method. Grzegoraewski [12] suggested some methods for measuring distances between intuitionistic fuzzy sets and/or interval-valued fuzzy sets, based on the Hausdorff metric. The proposed new distances are generalizations of the Hamming distance, the Euclidean distance and their normalized counterparts. Literature [13] [14] [15] [16] [17] [18] [19] applied to multi-attribute decision. Wang and Xu [14] [15] expanded intuitionistic fuzzy set to interval-valued intuitionistic fuzzy set. Chen [17] and Hwang [18] expanded triangular intuitionistic fuzzy number's score function and gave ranking method. Sun [20] defined triangle intuitionistic fuzzy number (TIFN), gave us four kinds of algorithms, and applied it to a decision tree analysis. Li [21] gave a intuitionistic fuzzy set note for fault-tree analysis on printed circuit board assembly. Literature [22] [23] defined the intuitionistic trapezoidal fuzzy number (ITFN) and gave a multi-criteria decision-making method, which is the TIFN extension. The TIFN and ITFN extended intuitionistic fuzzy set from another direction. It was that a discrete set extended to a continuous set.
However, most related literatures are all researches of multiple attribute decision making. It seems that the multiple attribute group decision making literature on the TIFN is less. In this paper, we further develop a new multiple attribute group decision making method based on the TIFN and 2-Tuple Linguistic Information. To do so, this paper is structured as follows. In Sect. 2, we introduce some basic concepts, operational laws and aggregation operators of the TIFN. In Sect. 3, we introduce concepts and operational laws of 2-tuple linguistic variable information. In Sect. 4, we develop a practical method based on the TIFN and the 2-tuple linguistic information for triangular intuitionistic fuzzy group decision making problem, which is straightforward and has no loss of information. And in Sect. 5, we give an illustrative example to verify the developed approach and to demonstrate its feasibility and practicality. Finally, in Sect. 6, we conclude the paper and give some remarks.
II. TRIANGULAR INTUITIONISTIC FUZZY NUMBER
In the following, we introduce some basic concepts related to triangular intuitionistic fuzzy number (TIFN).
A. Related Definitions and Operational Laws of TIFN
Definition 1 If a ɶ be intuitionistic fuzzy number 
, , , ; , , , , ; 
non-membership function be defined as
where ɶ a w be maximal membership degree and ɶ a u be minimal non-membership degree, with 0 1 Relative to the definition of intuitionistic fuzzy set, the membership degree and non-membership degree of the TIFN are not only relative to a vague concept of "excellent" or "good", but relative to the TIFN, and that is decision makers' hesitancy degree, so as to it reflects the decision-makers information more accurately and objectively.
For example, the TIFN ( )
, then if 4 x = , the membership degree of TIFN 5 ɶ is 0.6, the non-membership of TIFN 5 ɶ is not 0.2, at the same time, hesitancy degree is 0.1.
Sun [20] defined four algorithms of the TIFN, but there were some errors. Li [21] modified them and defined four algorithms of triangular intuitionistic fuzzy number as follows:
be two TIFNs, λ be a real number, then defined as [21] ɶ ( ) 
C. Aggregation Operators of The TIFN [17-22]

Definition 5
Let ɶ ( ) 
In "at least half", "fuzzy majority" and "as much as possible " principle, the corresponding parameters [ , ] a b of the fuzzy quantization operator Q respectively 
, , ; The proving procedures of theorem 2 are similar to the theorem 1.
III. 2-TUPLE LINGUISTIC INFORMATION
Many problems in the real world can't be assessed precisely in a quantitative form, but it may be done in a qualitative one. In that case 2-tuple linguistic information was made by Professor Herrera of Spain in 2000. This method was defined as language phrases within the continuous variable, and it could express all information by one binary form of linguistic assessment information between pre-language phrases and a real value, which can not only effectively avoid the occurrence of loss and distortion but also make language information more accurate.
Let 
IV. AN APPROACH TO GROUP DECISION MAKING UNDER THE TIFN AND 2-TUPLE LINGUISTIC INFORMATION
In this section, we present a computational model to multi-attribute group decision making (MAGDM) problem.
A. Group Decision Making Problem
The following assumptions or notations are used to represent group decision making problems, which take the forms of 2-tuple linguistic weight information and TIFN attribute values. Let { } 
, , , k P P P P = ⋯ be a set of decision makers, Let 
B. Group Decision Making Algorithm
The steps of the decision making based on the triangular fuzzy inuitionistic fuzzy numbers are as follows:
Step1: The attribute weights transform the real numbers by the 2-tuple linguistic negation operator 1 Step5: Rank all the alternatives and select the best one in accordance with ranking law of Eq. (5).
V. ILLUSTRATIVE EXAMPLE
Suppose that there is an unconventional emergency problem, which needs to classification ranking. There is a panel with three decision makers 1 2 , P P and 3 P , decision makers must take a classification decision according to the following attributes: (1) A A A ≻ ≻ And thus, the most desirable is 3 A . By the data of analyzing table 1-3, we know that group decision classification ranking result is reasonable.
VI. CONCLUSION
In this paper, we use the extended aggregation operators to ranking alternatives based on the TIFN attribute values and the 2-tuple linguistic attribute weights, which develop a new approach of group decision making approach. Triangular intuitionistic fuzzy number and 2-tuple linguistic are easier to deal with the fuzzy and the uncertain information of different decision makers. Therefore, the approach has a good prospect in application. Finally, We have also applied the proposed approach to a practical emergency problem. The numerical results show that the proposed method is simple, feasible and effective.
